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CopyrfgLt O 2004» Axoorican Soctagr fox feffiefoHaaiay- All WahnvRawaveaV 



VoLT^JJo.* 



jy Using Suppression Subtr active Hybridization 

Ziyu Dai, Xingsuc Mao, Jan. K Magauaao, and Linda L. Lasnre* 

ical art Biological PmesBaDtvdepm^Qf^^ 

ptofrNorikamNri^l^^ WWtin&m 99332 



The empfailazr of ctoic add prodwcrfm dram* oT^wr*^ i^tt misWvo to a var^ of toeearo^ 
dsdtiigteeraMtelteortii«ii6«^ flatf*). Upon faci*efta3 tna caacarfratfrfi la A. IAXCC 
114j4T rn 1hirt» fa 11 mjh nr nlfrrn thft mm ul ii * wjy ewterfu* from P cB *^ d * flfc ?L f q5 W1 ^ ic « «( pMto d by m 



tnmadk 



•dgfat ih*r* 47 to 100% UutiV *«■ I 
asd taaethaot two 



novafmiv 



haa* mttB«»t 45^a0^B A ttefieitt*tb^QO swtssaa 

favatfed in jiHtm add- inctabOnODbfCOiiefti 




inMta^lwalaaf emaeteeaajfflani^^ 
girt »«Batnadl«^gtt^po^ 



miWlw «r*«-*< f-^qiH^ j^n^grmrfc A»d fnereaaad dtmte WMdacfloa at coacantadona af Mn** 
tfeal m ofg^tor Aba tbe paoraaf etaifa cooM tolewta» Tluae itiavke sngpart the mvolfttnattt of As Dawfy 
t in (he ffpgrtftttoB efil» w^avr payplHrtagf, 



The tnarptaJoKy of ffln \vx nlf w> fangl fa ftanneulaiioii pn>- 
ceoes o oddest 10 niiThuum product output. The optimal 
*w«CTph f ^i&^y Cpt ttoo ^mu tp*^^*** of oxjanie adda^ en^yxDCfij and 
ascond&y sssG^bottocB ^Eficxs ^^socea^f^Qaj^ butt fi^owtb a$ &uaU 
pellets is g iF^*y ***ipnfci»»wi wifh. ht£*rfy ■fftefow* ftmpl |uo* 
CKSSQS Pot cxamplc» pefletcd morphology fa nmiiflary ibrmafr 

add tyi^jpg^aa asTtap (30), yi*v4»iatiii ptqemscr tfr ftnfr 
. ctfBwn dotsum Q.7j 47), and tcfulii b ctciu teipom protoSns "by 
JU A$ecr (57), B ha* b*©e, wponad Oat fDsmitintous fiTD-ib ia 

Ihe toy pBHOTifitro fa to da<yak)ga«nent of prodnctivt Eoogal 
&nnAQcniozifl. 'P^'yW^i^y detaflninad process CQtttfltfcffla, 

(caxban) auajeAilialiog^ nitrogen, phniyhrtmna, and mlcroin> 

Idajg OBMjtfnirntir i MS fB* lo^o stxragthd end hnwTtnm con- 

jj B uxiaioim laivcaflbt« ^mf^^ 

pbotogy vhicli differ among tltffr n m fungi (5, 10, 22, 29, 53). 

tVjLTTH itny TiiMw ^y^im^w^ninitiihrtu^ 0 Uka^ oaflaflfiial afisfit 

koazcty* 1 sun in dftuneosx) fa9Qlui«Uu£Qd fonDKntailon^. Tb$ 
amaH pftjlati datna&o eto catnra ThcoBxtj (47), wbicb in- 
i^j^P^ ^ia ffffdrnsy of ndxtag anil ttnu twi| wT' tx&nsfbf • In tn£ 
rttqj 7iniy y fhr prrrT^^ r^T*^ Hini44f^ prw4^f^y fifflwf 



* On -Mpoodtog mAor. ft^aUtag atanne C1wrt.t7^ and Br'nTr ajCTl 
ftoeeu Htp^DBQicQi^ Ptintftn Nd rfhwait Nauonal JL-iboratoy^ 903 
fatten* mt^p.tt9fy*5mm2 r Bk£kaA.Y/A993S2> 



dlamctcn greater tfan 1 mvLm&Att&eho^ttaxnfiii 
oooCTtatartiflD fills tapadjy wtth tiha ti^fli ^alowy tha tairfeoc -erf 
pddm'of /toiaraahde» &tyso&a4ten (31> The maa dq»th 
vajrtad ^vitih tiie aatcimal oayuau concBiitt&iiflA bnt dlii not 
axcaad (L6 m These SQXdka tmpty that tharo is a pzactical 
upper limit ftrpellrt iize a^cdated with hiali prodsct cjois 
pui fa aaxottc teoproodftttfl pi). XXam^tbotoownbfmcfltB 
of proper inoiphoiloay v the molecular 0>adanifnu 

luvul vad in. the regulation of tbe nkoxphology^tf fflanaentoua 
fosgi fa anfattsxgjBd ' cdtuio xavnafa inadaajxata^ doftned. . 
Kao^Lad^ of tiia gaiM aia^ 

process of fimgal tosupbsio^ dulci inriwrioa a piczeqinsto 
fbr ma aaflicatlaii of ganstte enyneerfng to tho cmrirol of 
tjiocpbok^gj fa fbngi* It is onr In^pothasis thai tfaa preftnod 

|pq« jilin| ^gy jq fhft titttiWMHinM ftw^g ^ fllftfljh fay Tali' 

qua aotzzmnal or c ui v tonn ientol ooiifflttoa, li mntroHcd hy 
aprfnnitfn geati^faca^ 

sen a dtdc addVpiodudaA asafa of A. ntjpo* as «bo modal 
osjaamanL 

Inmstnal nxafaa of A. Tfar art capaWa of growing on ao- 
iatkxumcBcess of 20% (wtAnsI) ^ufiosa of fincroae and con- 
jatfdng appteaimatflLl^ 9Q% of mc audited carbohyirBto to 
dtxtc acid Tfasao xcgnaBteWo pzopettiea axe fto rcaaan that 
A iva]a7l^bae&iifladtapnidm^ 
is v-mimflr Ate pxlinaxy aaoroo of atnimoTdal otrif! ecid pro- 
duction (38)- TUi "f^tt Wo i^ i^ ^w b known to depend on 
a^arfalyof ea^ho omaatBTftrtrrr^ 

of MaP*" fa me medrom. Hie cAecta of lam?* ottenTfaadd 
piodnctlniit cell wall uHifljQtfdfm, end mo rn hdoay tan ben 
t qrOTinfiri by namgbiociiemigal aramaachtaJRfihr imd TTirWcek 



2(74 
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(41) fi mud that A m&r produced xefisanahbs amounts of citric 
acy Q1 |]y tphftn the Mo" ajncojotratkni in the oohorc me^om 
TOwa&bdowi nM (5S ppb). Mangmac dftfldcccy ka<fe to 
80 forscBse is pfOBBfa tampfQTj wfrfeh ultnnattsdy kwb to A 
high intoicetoilax euwaatfrtGoo of NH^* (23, 27). Ike Mtfi 
NH4* QftQfftflinirtnn nmtfftiK* *inauT-i»rv i fiflty* fr«flwA- frA|» 
btdon oT ajnfioaf* cstabolism (15 t 15), tins aHowJag dine aoid 
accmrjiladon. In addition, Mr* rinfWwuy rcsato fapccnaai 
flioipLnlosy dsvaloputcul chAiaflftuiftcBd by nuzoasod spore 
fwdHaa; tad sqoAtp bulbous ltypbu (46). An anafyria of oedl 
wsH Ciiin^w tixtfaps from odtaxcft £rOWfiL wllb or wiibo&x ada* 
Qyato iranginflBO icrealad tint h£nr** -deficient colliiica had 
XQCjfe&aad ""'Hint? oTcnit&i but dfvjfinigml onpuotv of p^u- 

attic irfct hduuQ/ulliQSzs isljL Afs&f tko isobscQtef sjocbaizlszs 
i w poj ajl h lft Aar tbo offsets of manganeae as. xnoxpfcoJoay lar- 
mMSocn and aliic odd production in hanid admni hsfc not ' 
been studied ia detail 

SnppxcuiOD soMcfcctioo hjbrtdbjntsBB (SSH) & & rnftflmd 
thn udbacs ^soppraesfaa PGR. to scats <a2NAUbnniatfipm 
uliiuh tho cONAs cocpiopn to two cfiflibicuipliyAjloJoglcal states 
of an srganiflni are subenctod, thus allowmgu^idesnifisBtkni 
of flffTn tjihapy oo^BOttcd Cn Tttponsc to an cspodoftD- 
tal sriranftn [(13, 14, 54). Tie SSH method drttes tomttrfte 
lobtiacffwa tn e thoda fay " ig * Ttgffi g a ™" m *ffy rf r > " itep that 
cojqaIUos tbfi leladva ftbo&dsnco of cDEftA. within a target 
. popnltttoo. Thia awftflcttirin fgihamxa the pcobabilby of tdan* 
li^fuip tbe* jnotose&d ficvpiwslon of low^^uVoiidnQDO ipWQfUpty 
and zrpreGems a poreodal axferant&pc owr other mMbods for 
idcotiLyu^g oj flfeioarfally regalattd gmfia, soch ss dxflescoodal 
dta^v tevttcaa tran«criptniB PC^ 

tiro flflctcqce amdysfa (50j. Hctc, we dcacribo the- apptiranpii 
of SSH f6f the* kladiiflcazfon of yengfa dements Mlo<)iiiHrt 
win) plated a&4 ftoDemooB znoip!iologiG8> observed as 
MD^^nducbd and Mo^-«Qppxfi«aed gcoim in A. mjvr. Ihe 
Rflpomca of tbo naffer feolflnsd ^dam 10 dUEBrent davalopmAnr 
Dl ^Bfjaa doziag flm ftiratetatittn procwaw wens egaindtiedbgr 
RMA Uot anaiyiii. The AiB-taigtbJ^3a-29 gone waa 
aad xt> aflbcts on A lajgo" morphology and cfliic add nvodao- 
bon. l^fttjfa ojounbiad by nd&^ Mirip#jmi csDvncsAosw 

aai nk^Ui tmjjoMilu «o6 itni^B ^pd 2>R9b woo mod a 
bad &t moina dattla^ cc*i1n i «a ^|w<hm»toa pg^/ towi MSUK oo- 

pEHAlUl ww bmJ lb* basatatfto «l Aigd^ftfarttaSnATCC 
U*V^ ttaataodftom Amsltn T>p» C&ame Gaflieaoo (MM^ ULX 
vu svra Ob pecfto dejoroJs qgaf pb&n ax 3TC An- atfana Bananoaot tod 
^ponprc|itiMkiiLTb0 cabaravezs bcsh^udairSdoxaodawipazoiVBm 

oookarv OOCddh van rnnniirnntri viai o tanejfimttr. Aftpoti uf ou 
rtiua%.g^ aniwTa>in (lfl ft g^^^ 



A. NIGER M0ElPBCRJDQY-ASSOCU3£D 2475 



140 1 * ^mffta-, At f Of NHJTCVfcw. 005 1 of X^QA^0J9«of 

ctf PtQ- J g m Mflmum co pH td *M fitf Q» Qtfaai mm p a w w | fap 
aiiglOTiiotatotyhiTiiwtTWTnycnlhiiiM 

<cto^ ffa (Fbb ar Manga, Hta»aojL Pi Q pate- » fiddlqa tfte ate 
nil). T5a c Bfcf^ qq qrr uuBtfcm to d» •Mdta^ b etoo tfid ate p»xh t# A 



(Atfkfit Ibdmobftjttj Fife As«w CabX). Tho an^iwtntf til* waraeabBliTH 
had vbgdt 1»fla tt^ba|Bj> i ^ g ffttl into- tbt ijCVW^ftn' aaojaBaaii&.-TtiPso 



giaotD ta tat juftplai weso cvkot4tad batvl co, oji ola^aA 



of lb* 



■ G&ai boJM tatia of 28 Odd XfiOD ad Bid 16- by 125-mm 
tftH cotot niboi twmo iHniad with ^gflwOq^ gtfftro, SL Lcn^ Mo) (0 

b SO ml of CAPa^btqeanDBnailOartOOOp^biif Mfl?* mlftaifaaflUd 
Qtdi it 9PC md 250 rpa. Sagp iw to r ctofa hU mn^ytb xtfcan «x 
bmvbIi. ggan odtniBi tor miiinWaj dto oCbOJOf Ma*^ onao^jfccflpBy tod 

qfCtfaya^iPd lLMAihii^ gtareM^asOg^ 

bid vx* aa B^ate o( Sf^tfBjdfDSB^ 37 BsvhttC duk pii^ta^n of itta'diskkij* 
lb xssbva tnflrVmr tagBm fcrTOA i"^**", 12 L4toar hifiU fiaxla 
enOdDkf 250 ml of CA* mtdlflOi ittaY ID ppbof K«^w»moAB»ihn«* 
vo^oubnd B&b Ifl^ sjncpftflL and KiamB^teUhatsarC^MiBn 

tD obnda ite poka 30» »X wi I2D nb iftar nungBieB fcowBtifia al 
afena&DQi BTowthv As iboa pofatt* Aa oAffati of AsqoA w 
a n ajwadud iflpM eocflna; ai m ioi vnar taSLUai bknMBnav inaa^hlGb^ 
nyroUd finni ifeo estop mpemanrt by rtfltfWhgarfrti far m mta j< ^Ciod 



ocan iipj^donoibafc lunmlail iTj riim ii lillijiil l r Ltni 7 ibTii i t ii 

at -WC tat KoaiMi vat alia ecapM fen ohra^ttar^htwrt 
ppa of mfi* adnaxsA 6Mtop**^Magp$j m*ra~ 
|i^|faun of Qevrty xaaaasd oaml Ihabknaaai ftoB tfacso 
flaBattuoBtoo at X g ia SIM asndaoai dibaa. 
13n latiiiuiii of bmaasls cJonv wi§ pnpaiM sxaa cuJtoni gram En io^ 

Unnl HBOwraaidflttja na>a at a^QEffl-x g and tf ndft. 

G&jteaddBeaBnacanb r ^lh-^ t *" t ? l P , ** t ™* imMim * fat ™ T, * M< ^ 1 ^ ain 
autfyvcm aj ^rtpophgromwri a awiyntft tMtj (4)i A*w sdccolaMi of aaah 
n pc mitim a aj lam i d (jm^ba*!). 

AHAb)ofitBMi Total RNA wai aob oH Aoa>^ a^ot tccoxdhajto Bjo B0d- 
tflad aeayinMTniifrt hnddo^«ap ttbeggydikaotoraa amtdoo m*tfa>d dtv 
ttfiM icwktojo^ (7» n>« Tho load eaofiptt^ 
oli^miiKiiaaj > ro»ad(u^Ulod SUA *m MoJa^ ftomtha totelRWA with ft* 

oaBoaviat(cjXMm^vi2oao9vca^, 

aw< Thi ffH ato ia d aj i iaa parfanaod wah a fCoVMaoi ^U(NA a^Hno* 
tin, u (OoaiboX Vflto Afeo, Catt) « &ttaA*T**anM*nia***xv* 

aoii iilfj i ilnn i 5ogr!ayBiawa^^oria^of2rtof aa pOBBxaad 
of 2M ofaajch ttlO^BtttawoB^ 

huhmtmA ^HImiuubiiim ^^Tpptflfl|^ CO^Bf^'IllO 100000 llEUUpOOl 1HB OOBV 

adM of 29»> of oaeh taHN^ oiceinto fr^ coa ^ ^ o^ anl 12Ikz& 
CBB4fcgr toopc aj frajlo t ««iAoloa0 pmJlhul far MoJuu of cPKAa aaa>- 
ouoodvaa p |> ^ j ™ || l ^ M ^ i| m f ** if ^ , Hft ftjm^ft^* 1 . 
Masadatdw ^ , ^™ j, * tw ^** i ^ fir>M AftTHii tDoM^^^aonobdoolbi' 
Aa ddwa "Og kobuioq of cPMAHModccdTridi Iftinmm a w nhoiphahg^ d» 
dDtULflnm oja Mto*^* fa^nprf onai «si oaed at dta caozv and U20 aElHA Aym 
aja iw*4£a**-todooadrfl odh ooaoaadaicbooBcc Goaof cooiw^Dfr 
don isidOQadaaata^Baff or Ahfl^ in md to d%asL tf» tottd oONA pook 

dio BSH Bbnuy aaivnisd wafi nu> &B^<fl0BBtad cDTZA, Jb<m tan^imtw 

6PllAAa* d i f{ftW pal Ti^ a rT^^ 
wth tho AUAooasd cDNA, ootlMdoatoaO 
Aom to* OT" H)my oanmoaa vfth it» Ala^dojtfad OI3HA. 

DapoaaOianASa&^^j^^ptodscBpuR^ 

pmaaa-T lB M]? tu oj ai ( hxumaa , fc f a ftlonrv THijtoftcB dioAoiydDWAtfaiTta 
O^nlbedahooBiTBa Hoof jk ^^laiiioiooBOBHfla^npQBV^ A^oatB* 
wttpwSSHcE^banamttwavPbrarfo 
coitavad oocaaghi ft* ataoidd UNA pvdaoidoa b Hi^SfUiw Wf «q4W 
od domvKf wOA On roihw i in'^'r nacOZ. tm wm cd ficpA^ 

•flasotcd PNA to^nsnai win japannod hy aa] alaaniial^a^A oniadMad 
» 000 otajaono ajlgB Barnhmaa. Ahen^b^, ihoh>BcrpiumMnNA» , wi» 
d&^o^ auyjd oftjap wpag ao m d uu i fgaltt a |m i J 
^Q^aifotad iBPsj^fo^ of SSQ'^SBOL dsatia aatooBssd vslb ^datad of 
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IWt )>AJETaL 



An*. Hnviroh. MWSWOl. 




P&nMAttfioti Him (doyo} 

Ffa 1. a^^pto4odiwf7Ai^lnthepnem(tf 10 or 
1 J00 ppb if pitinymntrt ^ mpr m eamifed undo? dttte add-pro- 
<hidKB£d&dm«»Qfah 10 »d ]4Q0 ppb of M*3\ lb* midlB (IP 
coniduM,} twn Toocufrffgl too 50 ml of CA? uutibmi p 25u%ml 
touted fete utl jnnlufed *i IflPC mtl Ah**** u 250 ipo. Tbe 
ttmjtfwwticharvewcdatdlffciiftldmo 

Data ire ncana of JwarmiiniHM* ton fit tax thttc iftfcpc mto 



w^k*^ (fee forward ro{ «GNA ndfciatYtt ptofec* < 
ty andBD^i printing to. coma SSH cDttA. ud id amn tbe SSH'c&NA 

dud ibft fQmav fir4gflBat of DNA pafytoiM» I <Rortpdnw flf DNA fafctifig 
fpftrrc AJDrishsm ffiwrtrprra , Rsaturaj. KJ.) fed Oar tram ffill cWA 
wauo^rg^taB^<iaB»ESiIflPH»VMB«dto 
CBKA flbnr» utfOftti «tt Dwmft pelted 
WA wqn^dtl *t Ih* SSH dDNA dtoet of lowsa tofltiftsd by < 

Tbe DM*. ■ttBBBjpa obatod «*b> evBBjmd Ov MtM«tedaa KCBI bb^ 
dnuidtt and jrocetn dratoaies fcy ubig BLAST (IV to tap EMBL-Ufl PUhSQI 
oodtote *,r*iw eifrffhc SfrWJtW dBCtott bj FACTA? <W> 
the ftngtf Usa^gfe jriAtat. Mn*jfc— «to, «*d MmKfrwriw 
$n*»aw tc^bttinc database u mc Cater fbr Genoa* Route* of to ^IdW* 
b«*J totfiuM vfci BLAST son*. 
SNA ****** aaafe*. firttto or b*** itvepiflB^IOfslJtMAvBiiMd 

aenbCBsai igfeiu, BJctmanA CWttw Bybrmfiatfioj* »«t pulm*** « 
ftfC t*3 P> n*KMO>« prabca ^mhtlttrd by nmtoi ptfafifag* ro flcuftl 
fngiflf CMtaJptaytoSSH *C^fcga w ir» i ih 1/»*ixXPmS** nmgy 
inftcfinas at potyln0BBjB Z (ABBOrtusa Btodcnon^ Tfer bloty vets e*» 
pwrf ib TSf^r Mm *f -A*C *«i *ac*a&*! otcjul TteOm wvdewtoped 

JUd KWRWd >7 QBfrlB sq Op** » WQHBer OlA A OWfpVt^ ttCft 

CfiptMAaertellB^l^BotACBK^ 

ibBH\>»bw q^*m^^<^<?<fifaBj<|tif<Vafe (WmVoTtfrt, Sib Ctotai 
dQtii Ibe tansTi of J$5 f AKA ta «ocn smbp*> w dbo dtffrmmrtd; bi mf 

In Bi MuUa MBAiBehfaBiB^ai^^^Ma^^ 

i&NA dx taah i&na po4n Bid mpruMod *s a pwcrauiBo. 
*tt*— - ^ ^ 'rrrfTi rrnr jf tiffl-t iifti ttrtm mt *TBt rtiff im i T miiti 

#flc br KR Ifcf fntUftnelh. fiWJS ekj«za n*i ^oZHzxl ^ 5' adr fttfj 
i m_rg Vrt fl b of d»CA aufa ^ACgyPCR Fo^A>- UNA U 1^ paakd ^a*j 
riiAjiuii vta m<im v^cAed tax sW 'B&H' secdoB «*■ tifatf «o rt&mm 

<Up?P**m&* m (J-'^ M,IUUlU QAaATATCyOOQAiyQTO , > Bad 
adiPig prterr (Afl) peg^q by U» ujuJ i <jn ii i nrw bmj* to iftr Mrtftn 
*« fegmma. «Wb ^7^-CCA0TATATTCAGASXXXVtAO^ 
APi «we «td to ite faaU&tt ef to y-ad ftBBwtt 

«( rtv <$SH dONA uamn » verify Asi i&e w*4y bolted fiapmk 
bntoBBi » tie pnTBrpa*. T)to hrfUkoJih vUNA dmm of Abs^T «ri «». 
pfiniid X fCK BfA tt» poOwil pafar frttufXrtttttVtCCCm 



. OOCGAT^T) ot fM» (^ r 49ACAQCATCACAQACATATACACMCjM-?'>, 

R« (T <TC?TOGAOTA^ATQC>rtCACTCnOAr5') < H&i pmoak tRQ- 
aoia. wng ckmacf km* d»c pCn\t-T 5ag v<gpi and teeitCTJCf* 
iSmtioir npnuft B ibt^ ixl mi niM rf frw inii TT iiiiiT miTMilmmiluu uf 

o X^IXVbp to^toBi cMt9t>*Bj Ilia w^bSb Dod*K n&BQ ud a pcbtCbd of bW 
tendBBbw of ^ ptovnid DNA (pZra 

poft"DC3*B. tod ■ pfifQvf pxir ifaM^nd fio fibBvcfBst 8aniII snd Kpil *Ucv (Ib 
bc0d>nl2i» f B*d 1* AdbL <«p«ti>dy (PP^ ^CWSCAJTO^TCTATTC 

Hp i i, rca:rPcoaoGAW: FP-t>7, ^^socttaacuacaco^tcacaoa 

WHtsnjta ctt<A ftttsmem was Mtet «tfli tf» iBsMtoa iJtfi^rimij 

BsBtfa «Bt rtp»i KB* tipned « t*eiepf0vte«r dVm) wear fZDStf? 

(modified tnm pA»T pop iu fen* fODSK M Ibe eCKiA 
O'rfo' 3 * sBftojB¥^^B)ipri(vi flnts uBBBf ibb OBQffQ] c* 7 the Bd4 pmnQtwr 

p««m«r k Ite £>s*2? dXHA fcajuu I* Btftas* B«kflDtfes. md OmupC 
mutySan bbuzbsbbT' wb CKfevd '■Mi mcddiOB *4d*DudB3ttt b^bIU and 
l*Jtr,ftBaBritBMi«tego w<ga^ HBdBj^ 

(bna btafv tcctor bSXSS*. 7b» reit*sj eoBBxta fcaeelBecd fata 

bo kbr Drtkafa dnatod bf >Mw*t * (55) ad bb Omm 4C cL (C>. 




wtifa <Ubrau ■BOofltfs of Mi Xv si fey I2S4ms t^* 
I ^sn mbeff ibu Ware acs&BXB>d u zbcut 15* frmi b iMiaAiia i 



$U|)JBjB]SCX1IC 



staiiog ai .250 mn. Hw o^edb fwn ettdv catas «m otaxwd 
iBjcro r o fdrdty afterSthigdr yo*^ wewft ito Btteaof Mb 2 ' on 
tfivikfimett. ASrpbBte^m'UQl ox ito some mw^ifflmTiBd'^^V 
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rare* A /^rr comma llfl^ cotidb/ad) urn toonimj toto » nd of 
CAf mesfinm cun&fcrinf dtftsqet ovecmntkn of Mr > b 16- to 
125-dUBi Abated jto tubes ibtf were pocbtaed «*out >5° tan 
haxiimfctfftgafetf ** *hakcr plotf(»m.lteenltuiMitiMbcab«tdn 
3tK wdtf¥rtai«i^;pav Christ wwowanre^ 
ioediam efter 3 days ofgrowtfL 



RESULTS AWD DISCUSSION 

P^tiJed ceajirfqatfoo or tffct rffcrtfl * Mb**" on dtric *ttd 
procmo** and vtoipfcofeB' oTA d&t. 1** eftoiof^ 
cootOTTOrfort on Gfcyfc «3d qrmftcab, uptfte aod export have 
beer, examined to dUtocov X. «ftr Strain* (2, 22* 41, 45). 
However, 9 dettflod aaarjsfe of t&e efects of Mn*' 00 mor- 
phology tornittfoa aod its fining* 10 tftrfc scid production w 
Anrger cultuitthte not been performed. The cffeacfMn*" 
ctuscentratioa on^doft; wd production by/t JJ^gP" versos 
^wtffletf «o biflefrtek cultures wto 10 gr UJOOppbof 
Mn^Cbrfcaddj&odtaJoQdro^^ 

offirtmhln lO-ppb Mn*~ cotem. wtrte ft Ttmatod very low 
bi taOO^h Mil 3 * cajiiw (tff, l> Cttftlatt ef A ufer in 
CAP iTvedfttti *itb fOppbof Mn 3 ' produced ftbout 3S g of 
citric vddMtar eftv 5 of fiio^ eaOrfbv^ * sistfW 
Ottfl item day two to doy tfam. Sfasibu" dtrtc «fd occamo* 
larion patterns hsva hem ebserad Id other /L After strains 

W-j farther examined the effect* of Mn* T levej* o» fa 
morpbetogy bimttioo *ml citric odd pnxhtsto of A ofe* 
ceBtt grown, in glass ctdtorc EQbc& Odtmci wfrh Mir r eoneeo- 
radons fmn 10 (bod^raimd krv«I) m lSppbhod restricted 
bypbil growth (peBu morphology was maioceuKd), but on 
[nctMieoffuttl to2ppotoMir~ toncsBcmzJon drumaticalty 

hi 3<IayA jzfjprcuhincs wer* similar Ibr Mo 1 * 
torn 10io!3ppbbutdea«^Bifl»fi]ja70^iDtbel4^ud 
15-ppb Mr* cultures (1%. 3). The eftra of Mir 1 " coW 
ttsdc 0 cm ckrie add production hive bftgfi reported prcv3c na iy 
(21, ^ 45V but la the pmnu «udy, the efiftfas of Mir 3 * oa 
A 4$<r morphology and eferie odd prnduetfoo ma mmbed 
eoooincndy. Low Mar* oonoentiadons O0 tn 13 ppb) abo 
liSflttcandy wppttaed the rriomro tcomtafa (dam not 
Shown). 7Hfi molts provide the Wommio* 00 the proper 
PJJture coadillQff7» nemsnry for rhfr Utobtioo and cforaa&rfeo- 
t£ea i f com (Mai are topoutvt » Mn a< comejoiBifpa^afld 
Ifteijr 10 be invoNed hi the co&ttol of mrtfxalogr. " 



bofatfifti of eDNA ctoes tor Mir* Nrtsponhe raar^nfogjr 
eeafiretee«e9 luA nfepv Previon»ob«enw^n9 (». 21, 41) 6nd x 
the itsuR» rtjpwtwJ hero demonstrate that oprtroJ citric actd 
pnidacltoa iaA n&r euhoro i» aswdanod with pelleted mor- 
phobgf, Fangal irorpbolosf formation is regdatedby differ>- 
ba( jbcSQiStfuefc as dlssdved eanceotraikxir figxt&tioc 
$trate caneeotrarioiw and the rotoenfe )n the culture aedfe (10, 
2tS5>- In order syndnwtize^ ngvr gtova ?qd mlAfanhe 
temporal varmtiora in the 12 shake flftft eullims 

woe ^niwzt under pdfcfed ipv*nh omdMofK (10 ppb of 
&to a *) forthefint 12 kTto, LOOOppfrotf Mft jr '^a* added to 
six of ibe odimcs to induce tvphst crcwib. Tbc addfrton of 
1,000 ppb ofMu 1 - mihiccd fr/p^ growth mrtt>sf the ctJK 
ar^Jorf40min3wdmfcDof flic cdteby llOrein 

Beocd on the eonspJcooua rffcet of Mn 3 ^ oonoeiutnEon oe 



10 ppb 




JFia 4. £mfv fedoctbn of QbnentoiB OQcefia gnmh. Conldfe 
(ICf coBidbtei) iren: bmiliva tma 2» nd of CAP nedfaim b 
lj00MbaOadll^BBdtoeDhfitedflWC«t2$0r^^ ^ 
ptwidn^ iuttoAifce^ 

iw» W»0 Ptbol Mb ? " ww edfcd to hitf or iteA nfrratimt* for 
tadoedon of dbmrew gwrft tho ethor Uf bfihe A j^pr 
eahdrw wei9«te!afited fa Qtf flPtdMorKJOppboe^^fivpel. 

v^aMmta»co|teohsmotm 

the fcO peseta wart ttka Item nycriii Cunmacd &sraadEtifi«id, 
prarfacfBi adtim ^ptHc: frMfajL add ite oeeft n 0v right pntto 
were mkca h«» n^cdb tanotcd hem Mn^'-todudflf fiamratniB 

bteto to toe rVn of tte pmte rapmm tfas bqth of hrfucrfoa 
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ins 1>AI ET AL. 



Awt_ Efvwosl Midksiol 



ttfBU 1. mRXA axid D^Jcqoroce sialyl 



Ckte type osd pre 



attXA 



obt»ft»d(bt»» 



&JB-/5 

Bn*4T 
^J7' 



A nftfcfoi Opwwh (^U>) prne (A9.TC) 

Unknown 

A. cryaat ptpti&Me (tpp<) frt* (-TO) ' 
.V. tfiaoq mObiioM-ptoapbw sjititapt (MPS) gcae (7fr.7*) 

A ffftMiffmr colkdAfliiflpindfepcndcnt ootidoolnc cnchAVc (JWEttD) 
A ^Ato ^ftUaRfac malted*" (pvroA) seas 

M tin** AT? done Jy»* i&Q) (85%} 

£ cemdfer fasfftap^nudc^MnKSaA Of /J) pa* (59%) 
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' Tfte pert matt* ol outfeofldv jaquvsw fdotfar Jflwoa to MMta ivw cArtssiftS fcy utbtf BLAST u utpca i5* NTBl 
f bfcfb dtf aRKAi «m MtauMd trad an d» RNA hdtis tin. 

• Uw taffe of SSH cDNA dam twv <tasmfa*d by T^w&m^^tntaaa^ABitifaZnmAmpuKfy 



«oij*gJo *y fffc- 2 ami 4^. *e 1#poiliesfeedthrt«ietgfs*«tt 
may be cMfctd In Mn~' r -aiAicttrte ooipboiosy ctoitfifr in 
A niffer cultures* la order n> fcofawe thd lb* ctfrfcal ^ocs from 

N« via sad A. van Oqyto* Absv* Anno* Meet. Soc IzuL 
MtartbL 30ri2)u <he hfgh^y 9dcctfva SSM method was cm- 
pJoytd-T^jSSH Dnd Souftcni ditferaitf te^cnin^ «nrfy<te 
su^ciied daCtremitl expxct&oa driSmRNAHioA >x^cdl& 
ihefauedby ljOOOppbctf Md-* 4nd of nine mRNAs in A Jigpr 
witL the addol (I0"pp3? 4Xkluuc szedhnzL DfflnwiH 
tid! exprcf^lxw of 15 erf dw tS^jcoo repfesected by tfec ctonrrf 
ft ag mug fr farxte Mgb-^n 1 * Oi0n^^)caltur«»afldsfwi<rf 
i)(rto nprasfltusd by iIm dOMd ffeB£A69i& Cm zbfr lcw^ 

were co nflnn cd fay Noctftcni luclysb 

«i Vyw-Mh ?# tiOfld£dan% whfla d»tr c^friM^on was i^galfr 
tpflify ftnhaoced updQ dm yirilrlnn of \SX)C ppb of Mb 4 *, 
cranfssi, chxr sbvcq N^z^^-fiuppmsttl dpnes ttfaBshcd vny 
taig^ cxpx^SBioQ terafe In kw-Mn*"* o^iltum nud drt*dcaDy 
dtfCztflSrtl Ajtpitf& sfoq ate a 40^uk okpostire CO &igh Mn 3 " 
coocattnitxQn*, Hie fUHccgib mKNAs fcr the 15 Mp a "-Cft- 
hancttd diioo* we» butwajn 1 aad i2 feb «Ad w b«tw«on0t6 
and 1.7 Id? tor the Mir~*mxppu&ai dco» (Table 1J» 

Stqmoe aoa^ts cf SSH cDNA ct«us> The nudeodde 
requeued of ibe pants! cDNAcfo&es (cttfilivfm 130 n 619 
t>p) *cw JetentJnod io jibi (nslfbt huo dto fttocdois of the 
eocodad pKOehBL BLAST and FASTA3 anaiyiesof ibe node* 
otitic and translated sequences of the cDNA clones 
QctiBank. the EMBL-EHI FUNGI oudeo&de database, ted 
tbe ^aoosie dalafa&so of A nhjtiittrfS- Af. yin&iu &&d 3£ &if& 
'nfMnhd^Jn^ sonn 5f"iii5"Mir *<iibtDccd (tHatncn^aesoc^* 



stcd) «sEot»fl <Bd doc have tijtfflninf simQadty Co knottt fie- 
fptffnrra* fi^gbi erf tfae doaags posacsscd variuo dep oc^uf Idci^ 
rfiy to knavm sjenes from 'other uiyBui&inft (T^bJe Tbo aBf>e 
produoa vidt 2xmxolqgj to shcj*d proteins Ml e^o qxmqT wo 
yimp\, those luvoKed zo s^o&l tdUBdeetim Of tho$o Sitvolvtd 
te'Sndno acsd ^nxhcsii or ptotmi estohoJittn. 

TtoJ^ ens tm) yoflfl UMprlBif id whh the sygBaHog^rOttfitThe 
traesbrted saquflnee of teo^ fa 96^ idraticat to fea A nsii- 
Am O-peetcki P cvbunii gtv* 4^faD* Th» hetamtrimone & 
progtip cttHificaieat a tnom to be reqeitcd for mfltfaf growife 
and if^iTJwonof i^juiHlwtfun ni A iddbJbAjf (42^ Sfy The tt8DS~ 
tatcd iwjiitfuift' qf &jU" fyfe(9B% idrnrirtrf tt) ifae JRcitto patent 

zyuK oa tbe trioEyntiietaT pathway to I rt Qs T l&i phoapltaias fn* 
yoKcd hi iniiftff.PuIar sfgp&Sn^ Plor exatn^^d BttoattDj*-3v4 ( 5 r 
aia phflgp^ tndi^ 
t^) f^iiwih n M oBssn (48)# 

Tic icdbkibii A genes *efch p«tfttte ftmctkaos fell te) tfae 
fftnfnrt acid syfithitHoa iiiotem tttflr^ntrtftB gxouptTne dimhii wi\ 
iiitihp aad siiiyiaiaiifl of fins^43 Alffmefl MKb {defltl^ WUL Ae 
tripepdd/1 pepddaso A (9yt4) ciAap&tftka&yws Tiipeptiifyl 
pey wMO oees weu ttnin^n to xDazaznanaD ly gc fl w , 
wbece tiiey felesae N*tennnta1 oipopddas from cSffspppbdts 



ihar dpgrihlfd by odur csvpcptidasci to iflftftty amTlW scads 
and <ttn en d d» (53)w Bspressfoa of toi^uwyuf 
i£sm W3& flnlsjuniTfll dQ7ioy Samcstoo^ sjrowtb and stsppnsud 
donng pelleted ficwil) (59). TO* txanstated pRMcifl sequence 
of Etaa-'62 shares ideniky 'wzxh dre A mtabnSfyraA pm 
product, an ftTnyrrwr hwulvadizx pjiidonoe triQsjntbeSAi which 

' fa Lmporuot far amino add atet&bo&rn* The ^ wbrcw d andao 

T 'a^sgqMnBc'ofBr5»>llgshw 
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M aai&i ceil product, ATP dtrate ly^se, which provides 
<yxovobc acetyl cuem y i m? A (acctyl«CoA) far lipid syntte& 
ana scrum] fur the attmmzlmiaa of suhsantbl amount of 
lipid in fimgL (56). In & fnngas. from the same finnuy 0 -V- 

be apeefflcalfr bidnced a* fee feftaftigof (tes«Qricydewth» 
producing tbc ocetyl-CoA refuted for bvtjBfmbcBst daring 
* fru/rng body fofttwden at taxex sntges of mubaI development 
- (33). Oeariy the ©xpastfon of AT? eitarte lyase Aulas 
ntcfl'gus growfth would lead to a net decrca*e the production 
or di ric add. However the itlmrVd ttatribooon of thi*ea2yme 
to decreasing down aecuranlaitai to doc been qtmottted 
Tbe increased tads of ihc e«U transcripc me aba cons&ftat 
»ith imroncd amino odd bkaynthesfc, &5 the caaAeaeetaie 
produced am be trwffa nuna tefl to t-^panaw and snbse- 
quer.tfar 10 itther amnio adds of the eqnnaie e^oup.lnff ehine 
&*a 7/d sham fBtf- identity with the R duyw&wm* fysJ flene 
enccdmg hamocitratc qrofha*. the fimrtep in ly^nebio^n- 
theses in £wip\ Bna*]l& dtaici 54ft identify wnh dw Szcrfe- 

enzyme produces the fag metabolite on 
the frndmy to bron£fle4<hafn amino acid synthesis as weB as 
«cnl nyntheafc (though the latter « controlled at ihe level of 
bydrdB^mrthy^hnaiT&CbA rednctnsc)- The &enes *cU+ *jI3* 
inol §sJ. pyroA^ and ^v* mm fceed id be involved in ceil 
gn>»tfr and tfesoc devdnpment (3, 20. 3S, 5t> Hie deduced 
peptide ftequenee of the Brta-61 product it identical lo that of 
ine . L nktutam metH/D ph)e produo. This gene encodes ihe 
cDb»Uroin* ia d c pe nd em methionine synthase, which k the en- 
*ynx- lejipen^ble for atetftkftrine q>ntfae*b in eiiknzyotiroTEan- 

BLAST analysis of the Mn^ suppressed clones (pefkt a*- 
ensured) shoved thai five of sewsn done* had no tfjgnfftanl 
homoloey to known see^eoesvio GcnBank and other data* 
bo»t>» Toe dedoeed arehw add iqquence of Axso-10 is 59* 
identical to /I eow aspcnrfBop*pibr O ipepQ), on upank 
pro*tfaa*e. The Nonbern blot analysis oMfsn-ro rimwed Ugh 
oonetttoo during cariy pelleted growth and eeppnasion when 
A /i^s* switched to filamentous srtNflb («ee 1% A)u ftcichani 
er al . e»nbed the aspej^mopepBa 
cenrc and fibaxid dun it wns m&hriy kxaced fc) develophig cor»- 
ldle|ihefes of aipetjgiHih in eebmet^d ffljeebo* and on the dps 
of ff/owlng aerial mycefia» whereas cumxre oenal typhae and 
showd do immunoftuertecenec (40V The rcMitts sng* 
gen a cole for such cnzymc& In the ^rfM^h of hypbsio and the 
dcvYbpmcnt of coftlrttflphiwac and thus for the sponslaHon 
^vproccM b a^senjiPu 

jk / Awzher pene. Am-t3> ht fdestlod to the Transtmed obtq* 
J uuix) (uoij of Anhradmm benJmtthi* (Tnbie 1) 
l/bu|uiti» b unshed to other proteim via m topepUde Uok- 
*g* Awtned by muhlple enzyxnaxce atepa to fionn a pufjrubt- 
qufraued pmein* The mceehmeei of ubiquttin thrungh K4S 
ox KZ* nntifca die moninod prtHdnd £orpwzisaK^by the 2t6 
praidaume. Proteins atodiAcd t$y thk process ai^ fatty 
dgh^ rcguhued ptmehw brvdved in the conlxul of cn&uiar 
ptOLeMex. to etampJe, mensa in fission yean (3*% Tbe at- 
tachment of ubunAxifl tbrongh XbJ oeeun nx proteins m- 
vgjvcjd^oJbw oiiical oellohn^pne^sM such ov strew re- 
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FIO. 3. buittfTb» e/ Aini^ tee-K 5tao-W 
and niRMA by 1X00 ppb oT Mn ; \ Twee^ nwogpimt ef 

u^RNAu^fiaSSHwaB*tft)actodt» 
«b 4nd hgtHidteed with raOeacnvefy labeled erobw _piepam from 
dDSA doe« tonfeeeeL AirtUrtdJc^aphi of fbe RNA btotneg aze 
shij« on chc fc£ Retattve RHA lettfe ^ pke^ en the right- *ne 
. pcreemqes of tbtt rafatfc* anoont of niRNA Cfdhnaed by pel Wot 
tarcoblUcft w cotaJkitflJ harden retail** bvefc of 165 rW*A- 



Expraafea pattern of the Mn^^-nsponshe trvoseiipts dur- 
bn; enr^r devrtopacnnal etafflft- In Older to ■ idEveufgaie' the 
nriaiKe teveh and temporal expression patterns of aaRNA 
ntinsoripBi. Nurtham blot analy&ca wte pesftnmad fin* a an* 
kctkei of 12 of the 32 genea potenHany involved hi Ma* T - 
revponuve ejoipbohiiy awtchitig. The 2CK 4<K and 120-mia 
RNA pcete (or the Nonheina analyM weit th««a«aa$ihose 
used for ihe SSH Gbiaiy ccewmcnMn. AU of die ftta»ein> 
amodoted gene* except tbe Aae-4? and Arsa-tfP gcotsa. bad 
one nanterepr (Fig. 5). n» levels of the mmaotpo* for each 
jqane weic dctennincd at dWb nait lim e powtg hy denafamegy ' 
of the Northem blot* Tbe^S^trtdecne^ ] 
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s£cgpnefloidi£oTBntikziopQzUSbotb b^rc and alter addftzea 
of ftiui 2 * (mdocdoa of fltomcnfrw growth) 
basetf on the 185 rRNA amount* at each time pom* (Kg. 5, 
right panel)* Id the absence of Mir 1+ induction (peBeted 

gtDWm ffOt'dltfCP), the tZHIlSCZ^doQ *rf ifefe filMH«M iiiw|fl|Qfi|- 

acedgencs remained relalm*> low. Bmr4B and Bm-*7 tran- 
scription gradually fcrrrraar^I thtougfeoni the time coarse of 
Mir 4 * induction, whib Bna-25 tranicriptioa reached a nuon~ 
mm withi a 40 mhi and mazmsJned that level, The maicnp- 
rian of BxtL^4% ib5»*J09, end Br$&-U8 was transient, « mfc, m g 
peak expression at 40 mm and rimttnmg thereafter (the 
az^t krelj n 40 mm %Vore 326V 233, and 1929& of the IBS 
tRNA o^tcript, lespeetfVBry), 

Suuflarri, KNA. blotting analysts was use4 to examine the ex- 
pression pattern? of the pellet-B&octeted (Mn^*euppressed) 
genes m coltures harvested 20; 4ft and 120 sda after Che 
addition oj 1,000 ppb of Mr*** or wUhoot addhto&al Mn 2 * 
(PJg, 6). It© relative transcript kycfe Lor Cbe three time points 
with prwfc^utMn 3 * induction vato estmtt&sd based on tho 
amonot of 18S xRNA for each time peart (Fjg, 6, rigfct panel). 
The refauive tisiiscript; levels of donee Afik±& t Anar 
43. vender palleted growth conditio were si feast 

300% of the 188 rRNA nrniscnpt Tire ttnmtpis uiocfctod 
whh these fbttr clones decreased sqptfkzDJfy 40 una alter 
MX1Q ppb nfMo^ i9v added to the 12^ culture. After 120 
miA, the trrmtfript levels of the mm- genes (4rsa-7, vt<zlfe-J7i 
ifos^J. imc\AjxM0) were only 57, 26, 70, and 22ft of the 18S 
xRNA levels, respective*?, to contrast mmc four gtaea above, 
Ajj&~10 and Ana-27 fyhirrired relatively low M^if s fltai muter 
p*ucted growth condmons (10 ppb); bewever, their 
to uTamcnbJus growth nmdiliuiM (addition of tjOOO ppb of 
Mp^jwasmmTaxtomgctftfacoto 

fisprsssfcnueOcrns el the M^**pQatetnm*a&&& 
fag me (mrtKeprodadloo pratst. Pelleted morpfalogy and 
chide acid o^erprnrfnrairo ere associated phyalologteal traits, as 
are fiamentotn morphology and « lack of chxaoe production. 
The entire devdc^inaiCBl time cc*u»of growth eAd citric add 
pr od uctio n ^ fl^oris completed m^pnxdmam^56^s.Tb 
Mrsimm? the polemic fnvohra 

trol genes with regard to cfate arid iuudmiiun , me ca prnwui 
patmroi of selected genes were ex mfuu e d at dTfierent growth 
BCggeg eroding to 5 daps. Ffeoro 7 shows the m&NA aocu- 
autetioo pMtaxns for s&c filamentous nrarpboJogy -TO w Uxvl 
genes Bon#-4% Jbs*£5, &#*47 9 Bna«109, and Asa- 

J2c9 from 1 to 5 days after the addition of 1,000 ppb of Mo** 
t&ontfraxB prodncrion (xnid^Ticm [NCP])(i%^pe^orFt§>^ 
Rndwfahom adV&tiDa of Mn* 4 " (dtrete prodeetion condhmn 
(CPD (left panel of 7). The trsgsmqitiau of ell air seaes 
was supprered under pelleted growth (CP) ooncSdoos dnrlng 
(he 5-day tfrnc comso and dfpmH ^ TT y F Ttiwirtfl under hTap 
mentoiia grr^rth (NCP) coodh»iuL The traiiaczzpt levels of 
dontBdu* (&firoxehi ^-mbtmit; Tvero lower tmm mose of 
The other five selected donee during the NGP tunc eonzsep 
wlnle the Bch-4 tzanded^pt was not even det e cted during the 
CP linie course. Tbe resuiQ shown m Rg. 5 and 7 snageet mat 
AnW 1b Indeed required for hmmentous (NCP) growth and 
tftar Miz 1 ^ g^rjr euh^ioed a mxiiicixr oipie^oit of me Boh*4 
gene. Tins ii eondaunt with previous observations Dpi A. 
nUtukms ant N. crosoi (42. 58) . The suppressrfe effect of rhe r ' 




HO. 4 Suraesrfoa of As9-r, >b>a-/0 r Azfi^^ia)^?. 
ancL^^mftNAbyl^jrtofJml^-Twe^ 
v^l^pc^wasscl » B nJ todftaaaid^ 
hsMuued whh fidleacttVa^ Ubeledps^BcMxedftratnaetaed 
c&NA^eat^Bi AAowilogiipo^ 

4ia jeflL Rdhtivs tlNAleydiaiD pIcrtiedefltterJg^TltenBrteotBgM 
of xelauVe emobntt of edCNA. were by dcnsvoRMscw of 

bssoj nod aotmsused to the reSatim emem of 18S rKKA. 



O-protalQ ^snbrndt on vegetative growth of Gyphoneart* 
parasitica wu el&o obaerved on synthetic medhun (19). Tha 
suggests that die G-pratem p-submut has dyaamk e&cts an 
hjngalgrowihand dmOopment Oones Baht42 miBmJC9 
maintained reh&rveryMgh ito^Mreaim miTiit^rrp rifto over 
A3 days of NCP gram (Fig. 7). The tra usa^Ml o n levels of 
these two geses (oa the basts of *3KA Jeveli) were ai least 
four dmea greater than those a§Bah*4 and Bna-118 and ai 
nasi tro times greater than those of 8g&25 and Brtn-tf 
during KCF growth (dam eat shown), tow transmjptiofi wis 
observed for donee Bohi-42 and Br**47 during me 5 days of 
peflcie d (CQ powth. The Bno^S, Bna-1G9 % nod Bno-UB 
genes, nice £L^'wore' speellnoauy esyreseed under NOP ' 
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A ATCEft MORttlOZAGYASSOOAISD GENES 24fi£ 



lOpobBfir" UKWppbMa^ 




j,7 .->.'-V; ii^n^ii,:;.^. 





Braa-109 



- . -k . -w^ t-t; ■■•.-■■37: i*j 



Bna-llS 




IftoVrBKl 



TIG. 7. UNA Ht* mufyair Baht*42 r Brsa~25 r 

and 8*1*218 during dtrwc prodoctio* (10 ppb; pdDeiuQ 
afatriPfAte prtkhtrfiftrt y i nm jyK- ff^irrnrnr) growth. Tbe fatal 
owj&faed 15 <igtf totoJRta pnpmd fremtfte Worn** of A #W 
eaQt grtrwD tor 004, O08L L U. 2. 3, * or 5 daji after «n fcrfttal 
port, peondaf 12 b with 10 ppb of Mn*+. All satthftaea ware 
aripprdW bybrMhwi wtt n ife rtKA pnfe e> ratify teanrafcut 
snnpfc- knifing sad for tfao esdmsdan of iba rafctfva OTOafeuoo of 



growfii oondSdoiu. latsrt&fagfe &*zfe25 wd Br&lJS bad zeU 
atrveiy hljn transcription 2Mb on the day of NCP growth 
but decreased to undetectaMe level* by 1 .5 days(Flg,7).Trej>- 
aenptiou c£Bm-25 and Brxt-128 increased on dfy 3 of NCF 
fiiwih, bm thereafter, the tzuacripdoo of Bn*25 increased 
father whDe Brut-US decr eas ed ftifghdy: Thh fuggeaa that 
both 9m-25 and Bn*2J8 axe teeuorod during tha rapid 
growth stage and also during Qua later vegetative pOTKhaagefl 
tbaffrusy be aasoctaed with certain physiologic*] xmuea. 

four paHe r ^nrsoriaiad donas wore also agmtlned daring CP 
and NGP growth eaftdrdanj^ Tha dam* Ansa.?, AeUu-37, and 
Anh^M eanJbrred high levels of tzanscc^don during 5 d^ys of 
pdtett^.(CT) gowth (Kg. &, left panel). The relative inRN A 
levda of tbcoo denes (nrnmaluaBd to fee 185 iRNA amocm) 



. gradually mtteased (data act shown), taring flame/irons 
(NGP) growth, donca .data- J7 and jiofttrffpfead very tow tran- 
script levels ine flm day of NCP growth* ftllowed* by a 
gradual hxscaso s> tranwqpcjOn (Kg. 8). Incontraat, the nan* 
scription of doa*Ana-7 vaa snppstsscd during the first 9 days 
of NCP groflth and npic^yinarcwd thm after. Ihctr^naezfp- 
doo ofAnt^ffeadiibza^atxaMju^ 
file tint day of pdbtcd (CP) growth and tten gtaduaZQr da* 
czeaamg until day 3, zbEowcd by anoUiar mafease duxing the 
larer ao^ea of CP growth (dayi 4 end 5) (F& B^ytoo-tt wrt 
suppressed during the entire 45 dap of NCP growth. The 
result* indicate that thete genes oot qo ly reapotui to Mb** bm 
&xt: also rcsptmrivctDOthtxfoctO^ 

Isolorlon of tha fnll^aqga A»25 eDNA, sod its genomic 
clone FbrDSepnxaxtoiittrpfaoliOTQQn^ 
QtefulMangih feaaooiGOckKtaand nKranatodngin would 
bo of taranec in the aearch rbr xEgolaxoxy akqnegroi b odo> 
doiu for cDNA donaa of nsJtnown rnpction» pcrhapa a mll- 
length gm would meal faooologk? not detected with the 
partial cDNA ssoiiaiioaL To mil end. tta 3SH done Bm*?25 
(unknown ^notion) was aaleeted faz Atttfaer chncunsntkn 
In chle amtry. Tho 4T3^p fragmnni of Bna-ZS waa used ta 
daalgn two ^sna-apacWte oligouncleoildc prhneiSi The S* and 3' 
ends of the A»-2J gene wars Itotetnd by uarng RACE-PCR. 
Sequence ana^Ba canflnncd tat newly isolated 5 1 and 3 f ends 
of Bm*25+ The rall-lengrh cDNA baa a l>?97-bp open zeadzng 




Fia & RMA gel blot aaahA HAi*a*7. AatU-37> <vafr4& and 
Adu^Q daring dircp piuimJun (la prpbi paOatad) and nonetoatc 
pnduc^en ()jtopf>b;fW)cnmin)gra^T^ 
of Toml RNA ptepared ftom t&a.bteiHor^ a^oaila grown zbx 
OJMw O09, t L3> 4.4A oi 5 daya rftar an (utdal giowth pa** of 
12 h «Wi 10 ppb of hbr\ AU mc^iboMca vm suip^ dad h|tdo> 
bsd vfl aja IgrB WAyobaw ^alrfcey diato jyjw fc kmdms and 
tor the Bu i I ii m iL n i of tho rotwiva Chi an ifptlon of djoac gnvt 
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LfflB Mapgyng TOTQgAni Jxvjt^atf^ 200 
BX ttBibijwvjst^^ «so 

Hf JW XST THUH M 1 i WI UmPlI W V JA PTOU WVlUfW rflflM7(»*LXiaF BOO 




aad Jiva 



K10. ?tariv© pronrfn raoded by (A) Tl» dagom titom the Oa^tf fete smwture eamttnlM & anns frecmntart 

ptol of to yedtod Raa»25 pxorola> The plot m coacfjeted acaardfag m dto maftpd of Harm nd TWilitA ^ whh « rt^Z^ZZZ 



frame, a £t-bp 5' nmxanalaped region* and a 198-top 3 r unlrai^ 
Ja»d regfoa Toe cDNA cnnnriftB a 59^amino-qgd protcm 
on apparent molecular mass of 663 kDa, as taaaminrlfe. 
9B» TTid IftTfrDp&my profile analysis of Bus piuluiiv jj c iitaim frd 
wtth die Kyw-DoofitlJe algorithm (24), ini2kaicd a higfal/ hy- 
drophobic oanifa and pmrikrfttl 8 to U pnxaxfaa tnmnazn- 
bztti&d(^^(^^.Todet«iaikdib8 aanCmtesmitfnjD 
and ynymi Tattaa of a Z2S-ttb genomic DNA fragment 

wb5 Amplify by PCR wilh prmiexs based oa to tro aads of 
the Br&d-Zi cDNA and was scqnftrtfrd. Tms fidHengtb gene 
wwcompticdw^tb*JB^25cDNA3^ 
Hg. 9A, tts ifoa-25 gene oonaistg of she cxoq* and five fntrona 
Td curat maxtmura bloelihootf of utem^ng homologous 
sequences, boa ttc conredondani database (OonBaak) and 
fecojad-coraiagD databases (K otjjs,A nldulaw* urtAspfr 
gpus pmtf&an genome scqocnec databases) were used fbr 

22% {dentin *£tb&eN ammo acid itanspartsjj^jtamptotetoof 
AT cram. The result of as NCBI ccsBer?cd-dCma]n aaaroh 
(KPS~BLA?I) i n di cate d mat Bata-25 crrntntod tranamam. 
tan? regfam i^rac ?82« aligned jqj^romag^to- 
mdn of As transmembrane oxnmo add Uwawit tt jmijn. ' 



IMS suaaaan that JBna-25 may be an amino add transporter 
or, at xnfohnnm, an Integral membrane pestcm. 

AfrtSacnte wprKriwa of Brsa-25 to A nfeKr, Tb mves&gaco 
me potemfel rote ottbaEtt4-2S gene in A n^ErmOrphotogy 
control and dofc add ptrodocdon, an snnsczuc ^^^^ 
TOcter waff contlniclad (Fig. 10A). A coOfftraa conrahmrg only 
ma spnVl pnanote and apC tcnzzm&ior was Inttodnaed into 
A. nfger as a trasssamnc ctHrtroI Tfea tranaaam^ eom^ and 15 
andsense A Ji^er transfannaati ^crc eaammadm CA? ma* 
dhun comammg 15 ppfa ofMn 14 * ((imrtfrfftps nonnaHy Ieadlog 
09 tUd/nantona gniwih). BIcYan of mc onctenaa ffrso-25 maa- 
Ibimann of A. titgtf rastzmted the SbmaDtoua gcoanii com- 
pared with mc xamgsm control Id 0frb cuhnres (Fig. 1XZB). 
Tto dttiBadd eanoatration la 60-h cnJmrttwai drfammcd 
and sftowad thai ctuans pnxhicttan in dtf arrdaafua rxanamr- 
atama moused an areraje of 30% vcuaa toa pr< rf nffti mi of 
iha mmiaenic cos^ Fia^ 

oon m mc 6CKh cultures of mc control and —"yV,' doaes 
bIidto m 10C The eibae aM 

antiseiise ftrams Bzsa-25-3 an4 Bn*&S was aboat 25% 



Mffh wr than 
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B 





P3Q. id. Effft f f *" rSa *" nyimiQn of Bna* 35 cqA AqavBVfcw 
phoiogr femuden. (A) t%m of d» ptasirfd pZUdTU ffmrrintng 
nte aae^gefleteaadaereartwitatto 

idtfc-W- 7bp£ is d* it 

pE ^mM pjso eesndas the 44 gcoc €ff i£» coa, nwsu e mewg ujgiuuij- 
dn relirnnro pi) MFprnwTTpfr rfhifm^Tirm it Ttr irT^TT 
vosssBfo«DDCM (IVttttSU) cojnahang die ™wgw» 




vector vtth onjy the ptfanute* tpGpdA) and * nMt?ii * ww (TtopC) and 
dp nsketod Brm>3S i—**^* UMiuajpult line (eebieme Bta »3S 3) 
ansceMcaftnrecTgreairi^iF^ 
of ttean>aOttB laRNAtowfa of A**25 & finifaeme rappiewtaa 

Que 1), transgenic cooxroJ shbIbs (LencZ)»«ns*ien^*intotaa-2>'^ 
-5> E*d -8 pants 3 to 5). Twenty micrograms of mal BHA to loaded 
co be* aod htfaUhtod with cbe todtooc** keeled peot* of The 
&x*4? SSfl eDNA. tagem. The ene blot was stepped nod hjferfd- 
&e£ vltb US iSNA fer eqidcilBBt loading. 



ttaa that Of die comroL The dtrio add production observed in 
thaw idecied donas inversely eorrelawi to th* levels of 
DjRNA Man in the Nnnhsni Wot analysis (Fig, 10C), The 
diffac&oees in ehric add production and mRNA depletion by 

,g$erertt anriseoss gtratoa tABnortt IDcsrr rerah from pop- 

tinner effects oq ttt ™ w ^| |i ^ m|1 xcaul^bs fl'-T"* the mtegrfltfton 



A HKSER, MORPHoiidOY-ASSOCfATSD OWES 24*3 

of the asdsenea cassette into different points in the ffmcrofr 
When nSe aflrfsenae U B nnfiir i i»rti( s of A /ager were 

grown gf even higher Mo 3+ ' concetmatfcras (20 ppb), she tnb> 
bitnracf JUtanentous growth and increase to etiret* production 
became less pronounced (data not shown). Hie data are con- 
sistent with die gene Brsa-2S having (be expected eiTec* on 
Am niger morphology in response to manganese* However, the 
rctrafem Of the sensitivity of morphology development to 
higher Me 3 * iwcLiiUntions frjflgtgtfi d*** taorptiology control 
in A fffcer ift effected by Tmrttrpte genes, 

la snmmary, the diSejtndaQy expressed genes that haw a 
tentatively identified fimtttda c» be a9el0du»d to two general 
cattgones: tiiose invoh^d m amitto add or proidn TeeeaboHam 
(or ccfi growth) and those, involved to eell reanladon. The 
genes wgZJ, fysl, rnstHfD, pyroA, adt, and yp4 dux are h> 
duced by tngh Mn 34 ' levels and the gene ^epO that U finv 
■ pzeescd by Ma 2 * belong in (he emloo add meraboilOT canv 
gofy. The jrapld Dgrphal gjowth asaodnrraT with the switch to 
4*\imfmi fty$ fpntpfrfllagy otmnHiwif npon indnctton by gTTfflnwit 
kin 24, levels probably loqidtes increased protein production, 
as weS e^dearadation and nt^aYtkm oS piuouui reojdted tbr 
the Tnafntrimwr of the pelleted growth state. The observed 
indnctxm geaei tarroh^ 

TcrmTrfahTMrrrqTifr'T**"* iTu- 1*^"^"^" pwHimut ttf t^tl and 
<jr$I2 eahflnted a repid mocaac before decreasing suggesting 
& tnusnent hlgja Afmmwui fy^ ^ novo protein lymbesnw The 
mdoeed genea, tool, JoD* end adl, asd the repressed gone, 
ubt* belong Sn the category of cell zcgulalkm. One of the 13 
genes vrfdiouta known fdnctfon or one of the tcBtadvely iden- 
tified ceU repiatory genes msyhe e keysttma gene that con- 
trols morphology. AlternatrValyi nmhlple genes using in eon- 
cert -may be l e quhcd tor the observed efletx on inorpboCogy 
end eJtric acid prbdoetion- Eooonregin^yi the fhnctiooal erxalr 
yaia of imflcand that ttni 'Mntmom" geno was iodeed 
levahcd in the regutatfon of morpboiogy fanifltion. Farther 
Am^rin««i cvahmlon of the known and nnknowa genes may 




HO. XL Susetaadon of flanennavclaapd geae Brmt-23- tsa<b so 
eidunced ellrie&eldpraduedeB. Ctt*acWbnttiepenmneieiflO-h 
(e»wt»cnhe^TO.H*eap^b i ttehea d ^^ 
fanned «a«fn esnyhaj e* pGpdA, ptoeaMer and Jb^ xernunsw. 
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AFft. Environ, MrCiOtoou 



reral the j rotes in the associated phyiurfogical properties of 
morpbo&o fy control and done add producdon In A niga: 

We dmc Thomas W. Wtnsro* of the WiUta» K. Witty Eariron- 
Tnental Maeculor Sciences I^borroiy a* FNNI, fcr prrfdniuiTg man* 
analyse? wfcfcan ICF'bflS, Dl&ae F, Ho and fcado $. Panther iiir 
RyAg^bi TthrwspacanmDgttad d6n>ftomeiiy» and Soon E-B^kar for 
cifrfcal jwlcw q( the roamsmpL DMA ■eqntecaig was cooductcd by 
Art DMA Soo^sQScjDg end Synfhcsti Fadlhy oflbwa State UbJvenfiy. 

Xtajpaib Mbo rccapflad a^MtLagfcbolszahlpftTTn) QmngiciongAnd- 
eaagof Agtatoajderica, Chna-T lrii «cdt WMittppartpT by tfrc 
7NNL IjibviraficBT Dtxuc*tvf} Rtwu^i cud DovolooiMtit wA^fULFfr 
dfto Northwest National Labaratoqr Itf cjraladby the Baio^Mo- 
jnotlal iBsmnc Jtor tfao U.&V D tapartni Aoi ol Enargo hMat oonmoi 
DBAG»-"6BXjoim 



uid D.X Lbm 1WT. Qmd BLAsTaadPSMSASft taov flaatfidoo 

2. Bulk, A. C 197& Asaadon of^t^co^^ 

docdoo. Mia ifiaDUdL ffEaaao) HH3M<3. 
& ttawata , 0,X CmptE*, B. Cctkra, ondX R Mirth ,1 000. CKwn- 

pnda af too faX |m fa Fet&MBum rfajwywawg buuaxJuoat fjftttoaic 

towjaX ifcfll aTinuu Wlpte icW pool *nd pani fl a En pfooucaoo. AopL More- 

bfcd. BlmatfmoL SK*9V77. 
+ IteJiWf'f, H. XL lfflSL TrtffntmrilTi 2: tri- iad dkaiUiiytai addt punam* 

pyrftaiwat And deriwhw, consimci. tw^hTi. oDmponndi. p. 5-40. Jj 

Qlrfe ucid* VCR PyftBdtca, Wttnbckn. Gorman* 
X Biwa^«irf^&Vi ^4lfca»fc tW^Tj^cIhl nwrpbotoy ■ndmmib- 

dKcp pnoJortkM* ^YOndb 6loQ*janoL> ^d o^^A 
ft. 4y^G &,n4 0»P.'MrcL 199.RBfctf of ounttofl en pafltt fbraudon 

» JWtcpjwa^tow. Otaacfenol. Btocng. D^lMxi. 

by «d4 wi iMm iu rn tMgeyiaape-pteflffl^h lo r ofeH a crfmaEon. AnaL Bto- 

8. C&nn*,<}-H,aadffLflUBMt. l»4.fl*i*^aaoii*ia^Profclo^A*ad. 

$ol USA 01*199*4995. 
ft Caws* E. & 1962. Snbmocpod dtrto add texaaaaSea of ftrrnKyinffln 

noaasd tivt indBBiy; luuidjuferar of poBoo of AaainOIay JQaTC Gas« X 

tntradtfcri on Cuksii itiOniH^Ofef of ivbwffed ^niMQttftOvf* VotcdkOoL 

(hjoofcail elttttaeftflfai >Ad dlQ^laioifCtl 49fitflL TVfcflttft flic Rfe J L IbO'M 
U. Grpo^ M. Xr >. BmmIqA, K X TTi^tm^ gad A.aJ&J^baigft. tfftt 
AmUtrtrtain ggntfiii'inn ty ifi Ufiii UMdbftUClM of KbittMMtt ftutftl. 

HiMej S. UbaWp K- L*yam r H- Gaivs^ B. a 8w«a^ wi P. & 
Bftbrf*. 1 gB^ Stipi^filoq i^iiifihaityhiMltttriodea m*Aodfbr| 
Inf rflffmrttiiPy rq^Otfad or (ftlnia aoaofflo eDNA pmbes «d ' 
Proc MfcL Attd. ficL IttA »3fcBS3SL 

U. Caafcay-ltC^Lmw^^A-n ■ iflr, K tt. Skb«, & I> 1 
. lamr, A- J^wr^ L U Hht»a |k EMtan. & A InfcjBmad 
&. ft Swcd to% IWdd Ei itrtTfr ic c TOA' itflttnoflm bnod on salooflw aap> 
pcoiajfizi af ^nnn ctefci motfcsc dmTng of Jutat ooU li mwifrifg 
fadiliiJ ptntobwon^Dtfoin nod yfljuiUuMS-imiLiitifa P acw l fl h fc Ajod» 
Bfacnvm M0»0-O7. 

IX UoMn% ^CF. KtfOiofcV kl tBMa^ PMial pUriAAiioa Afid 

16. ftafabm X»C-P. Utfc«> and M- Od%t. 197% Pba^ho ^GrvCioilcdM m a 
gpflJLarvagrgj to oKftt^ ptWu^^n^to fl^rr. fEMS Mta'O- 

Mavpfastt'sgr coolrol of proolriw darteB prodnetfan uf Mt-lUB, a pvisup- 
jot of pwufei woWm, tgr flvAAm J. ircmAL Bte^. Tfc 

476-48L 

IB. Eab&L T, Nfltoacc^ & Whfn^ -nd >L Bawvwa- im ftaabixtd 

utMtto^n^h7> ^g^Ml WWmapp%OaCiaT 
IV. Kvihiih. i,MddiL 1907: Tanned dkmpdoa of a tugi) 0> 

ficottta bntt isteEraw oaatob &e^^«cotepMfcb^T^ocad 

.itea^MaLita'Mksvo« 
1U. «afaqroB». ^ N. AdotH ^ Taicaa, T_ H aaa ta aa, H. latefe, aod M. 



2L 



199X Mokfiutor dottk^ vtixwaDdagcXfahag&xvMdi 

Yean UilflS^U37. 
r, W, C *- K^deaa; «id aL bain 19S0L Uomooof 



motpbo by tad ocQ vaJI compoaltlan ofX{pcq£fta n^dutDj cttdo soitf 



a _4u nt if fit ji_ 



23, K rtjoi^CL ^W.HaiBf^aadlBiaBa^ 

to f kfwiwl asibXMcJd poob fa oJtdD add awW m ^ h i Up g Asy&tffBka n^r. 

AndL M Vr^*ll 12Si 73-00. 
34k IQftt, i^MdHr. DwBtdak 198L A atmpto aaCM Dtt Otywfa IV* 

byoVmAlE cJaactcr of a pzofiofa. J. MbL Bfoi imOMSX 
25. Lbjd, & a, 7- A fed* «*d R. A. LikM*. 1591. ADNA tr^mtocmitto^ 



2(L UaafrF»am*;w*T**iiJmP&wi^ 

SffNAt^ iwaar otdtftpofa roaiid ^aioyODcUDiuS fi y ww MWg?-07f. 
B. C P. KPtfcaK «ad Wt Htohfc J»X MonhoUc effect* of i 
dftfiflaoqr toi im w g fl ki h^i. ^ddaao loc iff' laaa ul pioocfa 
Atcfa. Mfcrobloi. Ub26&4ftfti 
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